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In this study we investigated the relative importance of stress parameters 24 including duration, intensity, and number of cold events on the short-term physiology and 25 long-term fitness in the freeze avoiding eastern spruce budworm Choristoneura 26 fumiferana (Lepidoptera: Tortricidae, Clemens). impact of abiotic stress on fitness is often explored in the laboratory, where variation in the stressor is usually parameterized by intensity and duration, such that more intense Ontario (London, Ontario, Canada) . Upon receipt, we placed larvae in an incubator at 145 2/0 °C 12/12 h, in constant darkness. After allowing a month of acclimation to these 146 conditions, we extracted larvae from their hibernacula on a Petri dish filled with ice. We 147 then randomly placed larvae into 0.2 mL microcentrifuge tubes with perforated lids in 148 groups of 20 (for metabolite assays) or 24 (for supercooling point assays). We kept 149 additional larvae (in groups of 50) for adult fitness assays in their hibernacula on the 150 gauze they were shipped in, placed into 50 mL plastic bottles. All larvae were then 151 allowed to acclimate to 2/0 °C 12/12 h, in constant darkness, for an additional month 152 before our low temperature exposures.
Experimental design
Functional Ecology (-5, -10, -15, and -20 ºC) 157 were used, which constituted the "intensity" treatment ( Fig. 1) . Larvae received either a 158 single 120 h exposure ("prolonged" exposure) or "repeated" 12 h exposures, which 159 constituted the difference in "frequency" (Fig.1) . The larvae that received a single 120 h 160 exposure were exposed in either January or March ("time of year"). Larvae that received 161 repeated 12 h exposures received them daily, every five days, or every 10 days ("period" 162 of exposure return time), and received 3, 6, or 10 of these exposures ("number" of 163 exposures, Fig. 1 (Fig. S1 ). We checked cups daily for pupae, which were immediately removed 220 and placed individually into empty 22 mL plastic cups. Pupae were monitored daily and 
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In all analyses, we first compared all larvae that had experienced repeated exposures 238 using a three-way ANOVA with period (length of time between exposures), intensity 239 (temperature of cold exposure), and frequency (number of low temperature exposures) as 240 fixed factors. We also used a three-way ANOVA to compare larvae that experienced a 241 single prolonged exposure using a one-way ANOVA to determine the effects of intensity 242 and time of year, and we compared control larvae among sampling points using one-way (Fig. 3D , Table S8 ). Lower exposure 290 temperature, and sampling later in the experimental period reduced glycogen content in 291 larvae (Fig. 3D) . Glycogen content significantly decreased in control larvae through the 292 experimental period (from 0.52 µmol/20 larvae to 0.07 µmol/20 larvae over the three 293 month period, Fig. 3E , Table S9 ). When all experimental groups were compared, there 294 were significant effects of both exposure temperature and exposure type on glycogen 295 content (Table 2 ) whereby lower temperature exposure generally resulted in lower 296 glycogen content (Fig. 3F) . Larvae that received a prolonged exposure in January had 297 significantly higher glycogen content than any other group, while larvae that received 298 repeated 12 h exposures either daily or every five days had significantly decreased 299 glycogen content relative to those that received prolonged exposure in January (Fig. 3F ).
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Glycerol content was dependent on almost every aspect of low temperature exposure. Table S7 ). Glycerol concentration was dependent on time of year only in 304 larvae given a single 120 h cold exposure (Fig. 4D , Table S8 ). Glycerol concentrations 305 of control larvae peaked in February (Fig. 4E , Table S9 ). When all exposure groups were 306 compared, larvae that received repeated daily exposures in January had the highest 307 glycerol concentration, while larvae that received repeated exposures every five or ten 308 days or a prolonged exposure in January had the next highest concentrations. Larvae that 309 received prolonged exposures and were sampled in March had the lowest glycerol The delayed mortality we observed in control larvae could result from energy drain due 378 to the increased temperature (and therefore metabolic rate) relative to groups that 379 received cold exposure (Han & Bauce 1998; Irwin & Lee 2003) . In this case, we would 380 expect control larvae to have lower glycogen content than cold-exposed larvae at the end 381 of winter, which does appear to be the case (Fig. 3) Exposure temperature CºCA
